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Studies on the use of multilainellar lipid vesicles (MLV) of defined size (400niii) coritaiiiiiig 
cholesterol (CH) as carriers of disperse dyes to wool fibrcs are described. We iiivesiigated 
liposomes made up egg phospliatidylclioline (PC) coiitaiiiirig the azo disperse dye C.I. 
Disperse Orange 1 at different PCICHlrelative conceiitraiioiis. We assessed pliysical stability 
by measuring the meai vesicle size distribution of the vesicle siispensioiis after prtparatioii 
and during the dyeing process. Kinetic aspects involviiig dye adsorptioii aiid boiitiiiig oii 
untreated wool samples by means of MLV liposonies at different PCICH ralios wcre also 
investigated. This process led to the controlled exliaiistioii of tlye ii i  wooi saiiiples, wliicli was 
directly dependent on the relationship existiiig between I'C aiid CH coiiiporieiits, witli a c l a c  
improvement both in the tlye-fibre bondiiig forces aiid iii the dispersiiig efficiericy of iliese 
systenis witli respect to the use of coiiveiiiional dispersiiig agents for illis dye. The optiiiiuiii 
application of these systems in  the percentage of dye exliausiioii aiid iii the total aiiioiiiiis of 
bond& dye on untreated wool saiiiples was reaclicd foi- ilC:CII iiioliir raiios X:2 foi. iiie 
dyellipid weiglit ratio corresporitliiig to the iixixiiniiiii icvcl of dye eiiciil)siiIaiii>ii ciiiciciicy 
of tliese systeins. This weiglit ratio was also correlaictl wiiii ilic iipid coii1~)o~iiii)ii i ~ i '  i ) ! l ; i y c r b .  
decreasing as the cholesterol coiiceiitraiioii i i i  bilaycrs iiicrciiscii. 
Many amphiphilic conipounds have been iised in tlie dyeing process as dispersing agents of 
water-insoluble disperse dyes. But few strudies have been performed oii the mechanisms of 
these interactions (1,2) and on the application of these systems on keratinic structures. The 
use of water-insoluble disperse dyes increased considerabiy with the advent of synthetic fibres 
some of which (polyestyers) are much more hydrophobic than the fïrst man-made fibre on 
which these dyes were appied i.e., celulose acetate and therefore very resistemnr to 
conventional water-soluble dyes (3). 
Although disperse dyes have good affinity for protein fibres, they have not been used to date 
on wool dyeing process (4). The irregular slaining and, in some cases, the poor wash fastness 
are the main disadvantages of these dyes for wool dyeing. The selectioi? of the disperse dye, 
the dyeing conditions and the use of a suitable carrier is considered to be very important in 
preventing this effect which is particulary pronounced when dyeing wool/polyester blends 
( 5 ) .  
Liposomes are aqueous dispersions organized as bilayers of lipid rnolecules widely used as 
a simplified mode1 of biologieal membranes and as delivery systems where encapsulation and 
protection of hydrophilic and lipophilic substances are required (6-1 1). 
Although initiaily slow to exploit the teehnology of liposomes, the textile industry has now 
produced a wide variety of innovations using the basic principles of targeting, slow release 
and protection of sensitive chemicals pnneipally in the dyeing and the fïnishing of textiles 
( 1 2 1 3 )  Including CH in bilayer membranes has a condensing effect and tends to retard 
protein penetration (14). The presence of this component is also a very important factor for 
obîaining liposome forinulations that are both stable in biological environments and suitable 
as chemicai carriers (15). Likewise, liposomes containing CE1 have been investigated as 
vehicles of the oxidative reagent in wool chlorination (16). 
We previously reported PC liposomes as carriers in commercial dyeing of untreated wool 
using milling acid dyes and disperse dyes (12,17). 
In the present paper, bearing in inind that cholesterol is one of the main cornponeiits of the 
internai lipids of wool (18), we have stiiciied the effects caiised by incliidinp iiiis cc3r:iponr:i: 
in lipid bilayers to obtain improved applications i n  wool dveing iisins disperse cives. .Tc i n ! >  
end, we describe work on the physical stability of mul~iinrnc:;~: iiposornsi i'!!.". , :+:..::;-.:r!; 
the azoic disperse dye C.I. Disperse Orange 1 at different PCICH molar ratios ihe dye 
concentration remaining constant. The application of these structures in dyeing of untreated 
wool fibres has also been examined and their application on untreated wool samples, focusing 
on the kinetic aspects of dye adsorption and the dye-fibre bonding forces on wool fibres. 
Materials 
Botany wool fabrics knitted from R6412 tex (count 2128) yarns were used. Samples were 
soxhlet extracted for 2 hours with methylene chloride and rinsed with water purified by the 
Miili-Ro system (Millipore) and dried at room temperature. 
Tlie azo-disperse dye (C.I. Disperse Orange 1) was supplied by Sigma Chemical Co. (St. 
Louis) and shown to be pure by thin-layer chromatography (TLC). The dye chemical 
structure is given in Figure 1. This dye was selected as a representative azioc disperse dye 
which is hardy soluble in water (0.1 mg dyell at 25OC) needing a high concentration of 
surface-active assistant to be dispersed (1 % of sodium oleyl-p-anisidide sulphonate solution 
(Lissapol LS) is needed to disperse 41 mg of dye per liter of water) (3). 
Phosphatidylcholine (PC) was purified frorn egg lecithin (Merck) according to the method 
of Singleton (19) and shown to be pure by thin-layer chromatography (TLC). Cholesterol 
(CH) was purchased from Sigma Chemical Co. (St. Loius, MO). Lipids were stored in 
chloroform under nitrogen at -20°C until use. 
Polycarbomate membranes of 400nm and 800 nm,  and membrane holders used for liposome 
extrusion were purchased from Nucleopore (Pleasanton, CA). 
The nonionic surfactant Triton X-100 (octylphenol with 10 uniis of ethyiene oxide and active 
inatter of 100%) was specially preparted by Tenneco S.A. (Barcelona, Spain). 
Preparation of Multilamellar Vesicle Liposomes (MLV) 
Multilamellar vesicle liposomes of a defined size (400 i i in)  at different lipid coiicentrations 
(from 1.25 mM to 3.0 mM), varying the lipid composition (PCICW molar ratios frorn iO:O 
to 8.0:2.0) respectively, the dye concentration remaiilin? constant (1 .O mMj were prepareu 
Collowing a nethocl describeci by Daiigiir~ian (20). 
P. filni was formed by rernovirig :lie orgaiiic solvent froni riiloroform/rrietliaiiol 2 :  1 soiiition 
of egg PC, CH and dye solutions b y  rotaiory evaporatiori in  a iiitrogeii atmosphere  an^ low 
vacuum (350 mm Hg). An aqueoiis phase conlaining sodiiiym stilphate 576, and acetic acid 
@H 5.5) was then added to the film formed. The solutions were then swirled to remove the 
lipid from the wdls  of the ilask and to disperse large lipidldye aggregates; glass beads were 
added to facilite dispersions. The resulting milky siispensions were vortexed for 5 minutes 
and sonicated for 15 minutes at 30aC and 75w (Labsonic 1510 B. Braun). Liposome 
suspensions were extnided throiigh 800 and 400 nin polycarbonate membranes to obiain an 
iiniform size distribution (21). After preparation the resulting liposome suspensions were left 
to equilibrate for 15 minutes and immediately applied in wool dyeing processes. 
Dyeing Procedure 
Wool knitted samples were treated with MLV liposome suspensions freshly prepared at 
different PC/CH rnolar ratios (from 10:O to 8:2) in the range of lipid concentrations from 
1.25 mM to 3.0 mM, the dye concentration remaining constant (1 mM which corresponded 
to 1.9 % 0.w.f . ) .  The dye was applied with 5 %  0.w.f. anhidrous sodium sulphate, acetic 
acid at pH 5.5 and liquor ratio 60: 1 .  
Dyeing was started at 50°C and the ternperature was raised by 0.9 O C /  min to 90°C. Dyeing 
was continued for 120 min. Thereafter, samples were rinsed with water for 10 min and dried 
at roorn ternperature. Laboratory dyeing was carried out in a Muiti-Mat dyeing machine 
(Renigal). 
Dyebath exhaustion was determined by spectrophotornetry using a Shimadzu UV-265FW 
spectrophotometer. Liposome aliquots (0.5 ml) were periodically added to quartz cuvettes 
filled with 2 ml of aqueous solution of Triton X-100 (2% wlv), suppleinented with sodium 
sulphate (5%).  The interaction betweeri the nonionic surfactant Triton X-100 and the 
liposomic structures resuited in  a solubilizatioii of lipid vesicles via mixed niiceiles formatiori 
(22,23), turning the liposome suspensions into a clear solution. 
Figure 2 shows the effect of the cleavage of liposome vesicles by Triion '>(-!O0 or1 the 
absorption spectra of the Disperse Orange 1 dye ai different PC/CH molar ratios ifroi?? 1O:O 
to 8:O). It may be seen that the X;,,, of the dye used in  t h i s  study does no: ciiarige i,-. i)resence 
of increasing amounts of CH in the lipid/surfactant inixed micelles 
Determination of the Encapsulation Efficiency and Mean Vesicle Size Distribution of 
Liposome Vesicles 
The maximum amounts of dispersed dye via MLV liposomes given as the weight ratio 
between the dispersed dye and the lipids in bilayers will be defined in this paper as K. This 
ratio was determined by spectrophotometry. After preparation, liposome suspensions were 
left to equilibrate for 12 hours. Aftenvards, vesicle suspensions were spun at 5000 r.p.m. 
at 25O for 15 min in order to remove the unencapsulated dye. Finaliy, the concentration of 
dispersed dye was evaliiated by spectrophotonietry after the destruction of the supernatant 
lipid bilayers by addition of Triton X-100 (22,23). 
Mean vesicle size and polydispersity of the liposome preparations were determined by a 
Photon correlator spectrometer (Malvern Autosizer 4700c PS/MV). The studies of the 
particle size distribution were made by particle number measurements. Samples were adjusted 
to the appropnate concentration range. The measurements were made at 25OC with a 
detection angle of 90°. 
Aggregation Measurements 
The aggregation state of the vesicles was estimated as a measure of the physical stability of 
the liposome suspensions. This was done by monitoring the variation of the mean vesicle size 
distribution of liposome suspensions as a function of time. 
Bilayer Lipid Composition 
Lipid composition of different liposome vesicles studied was determineci using tlie Iatroscan 
MK-5 TLC-FID analyser. Coiipling thin-layer chromatograpliy (TLC) to an aiitomated 
detection system based on fiaine ionizarion detection (FID) is a recent iniiovatioii (21). whici! 
has considerably improved the sensivity of TLC and allows quatitation od separed materiais, 
This method has been iised to qiiantify most kind of iipids from different sources ( 2 3 ) .  
Pïevioi!s experience on iipid 'nclysis koni qiiera:inizcd tissues such as vvool (26) lead LIS io 
choose this procedure ro quantify ihesc particiilar lipid niixtlires evei? the11 are forming 
liposomes in water soIuLioi?s. 
Dye extraction 
The superficial dye bonded on the fibres by non polar forces (hydrophobic interactions, van 
der Waals forces and hydrogen bonds) was extracted with pure etlianol at 25OC for 60 min 
(12). Subseq~ient extractions with ammonia soliition (0.5% at 60°C for 15 min) stripped the 
dye diffused inside the fibre and bonded ionically (3). 
RESULTS AND DISCUSSION 
Encapsulalion Efficiency of M L V  Liposoines 
The variation of the totai amounts of the Disperse Orange 1 dye dispersed via MLV 
liposomes at different bilayer lipid compositions (PC:CH frorn 10:0 to 8:2 molar ratios), 
versus liposome lipid concentration is indicated in Figure 3. It may be seeii that a iinear 
dependence can be established between both parameters in al1 cases. The weight ratio 
dyellipid corresponded to the slope of the straight lines obtained. 
Table I shows the K vaiues obtained for the different PC:CH molar ratios used as well as the 
regression coefficients of the straight lines obtained. It is noteworthy that K values increase 
as the CH concentration in  bilayers decreases reaching the highest value for PC:CH molar 
ratio 10:0 ( K 0.29). it is interesting to note chat the use of MLV liposomes resulted in an 
clear improvement in the dye dispersion efficiency (from 70 times to 63 times, depending 
on the CH concentration in bilayers), with respect to the use of dispersing agent normally 
used for this dye (3) 
Stability of Liposome suspe~isions 
The possible aggregation of liposomes duriiig the dyeing process w,s monitored O) 
measunng the variations in the mean vesicle size distribution of these suspensions using a 
quasi-elastic light scattering method (27). The resiilts obtained for liposome suspensions at 
different lipid compositions (PC:CH molar ratios from 10:O to 8:2 and total lipid 
concentration 2 mM) and using in  each case the corresponding maximuin weight ratio value 
(Table 1) are given in Table II. 
It may be obsemed that there is a small increase in the particle size distribution during dye, 
the polydispersity indexes remaining below 0.15 after treatment. It is noteworthy that 
increasing amounts of CH in liposomes enhance the stability of these systems with respect 
to the aggregation, reducing both the mean particle size distribution values and the 
polydispersity indexes during the dyeing. This behaviour is in agreement with the results 
reported by Scherphof et al. in studies on liposome stability (28). Likewise, the mean vesicle 
size distribution was mantained at around 400 nm and the polydispersity index below 0.24 
for more than 24 hours. 
Dyeing Kinetics 
We carried out kinetical studies of dye exhaustion for these systems on untreated wool 
samples at lipid PC:CH compositions ranging from molar ratios 10:0 to 8:2 also varying the 
total lipid concentration of bilayers (from 1.25 mM to 3.0 mM), the dye concentration 
remaining constant in ail cases (1 mM). The results obtained are plotted in Figure 4 .  
Figure 4-A plots the exhaustion kinetics of the Disperse Orange 1 dye via MLV liposomes 
at lipid composition PC:CH molar ratio 10:O. It may be seen that dye exhaustion increases 
as the lipid bilayer concentration increases. The highest point was reached for 1.50 m M  lipid 
concentration (final dye exhaiistion 88,7%). Increasing lipid concentration in bilayers resiiited 
in a decreased dye exhaustion, the ininimuin being obtained for 3 mM lipid concentration. 
Figures 4-B and 4-C also plots the exhaustion kinetics of the same dye for MLV liposomes 
at PC:CH 9: 1 and 8:2 inolar ratios, respectiveiy . The experiments were made varying the 
lipid composition in the same range than showed in Fig 4-A, the dye concentration reinaining 
also constant (IniM). I t  rnay be seen that the dye exhaustion also increased as the lipid 
concentration increased, the iiighest level being obtaiiied in botli cases ai i 7 5  inM lipid 
concentratioii. Increasing lipid concentration in liposomes aiso resulted, in  ail cilses. in a fa11 
in the dye exhaustion 

the data, il is noteworthy that the maximum amounts of bonded dye via liposomes were 
obtained, in each case, at the lipidldye molar ratio corresponding to the maximum dye 
exhaustion. (1.50 mM for PC:CH 10:O molar ratio and 1.75 mM for both PC:CH molar 
ratios 9: 1 and 8:2), the highest amounts being obtained for the maxiinum CI3 concentration 
in bilayers (Table V). 
Plotting the amounts of bonded dye versus lipid concentration for three levels of CH 
concentration graphs of Figure 5 are obtained. It may be seen that the straight iines obtained 
showed an inflexion point (points a,b and c) with a maximum which corresponded to the 
K values where these systems reached a maximum value of encapsulation efficiency. 
The totai perceritage of bonded dye on wool fibres can be aiso expressed by the eqiiation 1: 
where C, is the relative amount of bonded dye (%), Ca is the amount of absorbed dye (mg 
dye per g wool) and Cc is the total amount of extracted dye (mg dye per g wool). These 
percentages are also given in tables III, IV and V. 
In general, the higher the CH concentration in bilayers, the higher the percentages of bonded 
dye, the maximum percentages being also obtained at the K values corresponding to the 
maximum encapsulation efficiency of these systeins. 
In Our opinion, the main contribution of this paper is the development of a new method to 
apply azo disperse dyes to wool samples via liposomes MLV including choiesterol in bilayers 
at controlled temperature (90°C). This process can be suitable for improving the dye the dye 
bonding in wool fibres in the absence of the dispersing agents norrnally used for these dyes 
of wool (18). This technological innovation simplifies the inetiiod currently used with 
disperse dyes drastically reducing the lipid concentration iieeded to disperse the dye with 
respect to the dispersing agent concentration normally needed to obtain the same dispersig 
effect. Increasing amounts of CH in  bilayers, leads to an iinprovement i i i  the dye-fibre 
bonding forces, despite that results in a decrease in the toial dye exhaustion on wool. 
CONCLUSIONS 
Froni our findings, a new inethod o i  wool dyeiiig iisirig i i i i  ,\Li> iiiij>érs~: i i : ~  < '  j Disperse 
Orange 1 viz NSL.V !ip;sonies iri preserice of increasiiig znioui!ir o i  Ci4 çouid be cconside:ed 
suitable for the modulation of dye exhaiistion improving rtie dye-fibre bonding forces aid the 
flye distribution on wooi samples 
B 
I.,iposornes progressively decreased tiieir encapsulation efficiency as the CH concentration 
in  bilayers increased, the maxiiniim weigiit ratio dyellipid (K 0.29) being obtained for 
PC:CH molar ratio 10:O and the miriiinum (K 0.26) for PCICH molar ratio 8:2. From these 
findings, the use of MLV liposome suspensions resulted in an clear improvement in the dye 
dispersion efficiency ( from 63 to 70 times depending on the CH concentration in bilayers), 
with respect to the use of the conventional dispersing agents for this dye (3). 
Liposome formed by PC:CH at differerit moka ratios were stable during the dyeing prccess 
at pH 5,5,  the lipid concentrations ranging from 1.25 m M  to 3.0 mM, and for up to 24 
following preparation. 
The .dye exhaustion on untreated wooi fibres was directly dependent on the lipid 
concentration of bilayers and on the biiayer lipid composition. The maximum values were 
obtained for the PC:CH rnolar ratio 10:0 (88.7%) at lipid concentration 1.5 mM (6.8% 
0.w.f.) and for the PC:CH molar ratios 9: 1 (82.7%) and 8:2 (79.2%) at lipid concentration 
1.75 mM (7.5 % 0.w.f. and 7.2 % 0.w.f.)  respectively, the dye concentration rernaining 
constant (1.0 mM which corresponds to 1.9% 0.w.f.) .  
The maximum amounts of bonded dye were obtîined, for each liposome composition, at the 
K ratio corresponding to the maximum encapsulation efficiency of each system. Increasing 
amounts of CH in bilayers resiilted in an increment i n  the total percentages of bonded dye 
in wool fibres. 
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FIGURE AWD TABLE LEGENDS 
FIGURE 1. Chernical structure of C.I. Disperse Orange 1 dye 
FIGURE 2. Adsorption spectra of Disperse Orange 1 dye in presence of IipidiTriton X- 
100 mixed micelles at different bilayer lipid compositions (PC:CH molar 
ratios 10:0 (o), 9.5:0.5 ( A ) ,  9:1 (v),  and 8:2 (a). 
FIGURE 3. Maximum amounts ofdispersed dye versus lipid concentration for three levels 
of CH in bilayers. 
FIGURE 4. Plots the exhaustion kinetics of Disperse Orange 1 dye oii untreated wool 
samples in dyeing via iiposoines at ciifferen! lipid concentrations (mM) ! 3: 
(a),  1.50 (O), 1.75 (@), 2.0 (O), 2.25 (Y), 2.50 (v).  2.75 ( A j ,  3 .0  (4. anc 
different lipid compositions: ( A )  PC:CH 10:O. (B) PC:CW 9 -  1 an@ (C) PC:CI-' 
8:2, the dye concentration reniaiiiin: constant ( 1  fiihl). 
FIGURE 5. Amounts of bonded dye in wool fibres versus lipid concentration in liposomes 
at different leveis of CH in PC bilayers. 
TABLE 1. Weight ratios corresponding to tlie maximum encapsulation efficiency for 
liposomes containing increasing concentrations of CH in bilayers. The 
regression coefficients of the straight lines are also given. 
TABLE II. Mean vesicle siie distribution and polydispersity of MLV liposomes at 
different lipid compositions (PC:CH moiar ratios from 10:O to 8:2 and total 
lipid concentration 2 mM) during the dyeing process. 
TABLES III, IV and V .  
Amounts of adsorbed dye (mg dye/g wool), extracted dye (mg dye/g wool) 
and bonded dye (mg dyelg wool and %) in wwol samples after dyeing via 
LMV liposomes at different lipid concentrations and different lipid 
compositions (TABLE III PC:CH 10:O inolar ratio, TABLE IV PC:CH 9: l  
molar ratio and TABLE V PC:CH 8:2 molar ratio) 
TABLE II 
TABLE 1 
Mean vesicle size Polydispersiiy Index 
PC:CH PC:CH 
10:0 9 :  1 8:2 
1)C:Chol rnolar ratio 
10:O 
9.0:l.O 
8.0:2.0 
Wcight Ratio K 
B 
0.29 
0.27 
0.26 
Regression Coefficients r'" 7 .- 
0.994 
0.993 
0.992 
TABLE III 
TABLE IV 
TABLE V 
Adsorbed dye Extracteù dye Bondeù Dye 
A B (mg dyelg wool) 7, 
11.630 2.018 0.013 9.599 82.53 
14.418 1.904 0.014 12.500 86.69 
15.125 1.830 0.012 13.203 87.29 
2.00 14.094 1.753 0.010 12.331 87.49 
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